Reprinted from Vol. 112(1), January 1987
Jowrnal of the American Sociery for Horticultural Science
Alexandra, VA 22314

576 4

}. AMER, Soc. Hort. Sci 112(i)%:173-178. 1987,

Glucosinolates in Crucifer Vegetables: Broccoli,
Brussels Sprouts, Cauliflower, Collards, Kale,
Mustard Greens, and Kohlrabi

Diana G. Carlson, M.E. Daxenbichler, and C.H, VanEtten
Agricultural Research Service, U.S. Department of Agriculture, Northern Regional Research
Center, Peoria, IL 61604

W.F. Kwolek!
Agricultural Research Service, U.S. Department of Agriculture, North Central Region, Northern
Regional Research Center, Peoria, IL 61604

P.H. Williams

Department of Plant Pathology, College of Agriculiural and Life Sciences and Agricultural
Experiment Station, University of Wisconsin, Madison, WI 53706

Additional index words.  Brassica oleracea italica group, B. oleracen gemmifera, B. oleracea botrviis group, B.
oleracea acephala group (var. sabellica), B. oleracea acephala group, B, juncea var. rugosa, B. oleracea gemmifera
group. B. ederacea acephala group (var. selensia).

Abstract. Correlation coefficients based on relative concentrations of 13 glucosinolates in the edible parts of 3¢
caltivars were determined. Brussels sprouts (Brassica oleracea L. gemmifera group), cauliftower (B. oleracea L. botrytis
group), and cither marrow-stem or smooth-leafed kale (B, oleracea L. acephala group) had similar glucosinolate
patterns based on significant correlations (P < 0.01). The glucosinolates of ‘Moerris Heading® collards [(B. oleracea
L. acephala group (var. sabellica)] were highly correlated with those of curly kale [B. oleracea L. acephala group
(var. selensia}]. Mustard greens [B. juncea (L.) Czern. & Coss. var. rugosa Bailey] and the corresponding seeds were
the most highly correlated of the 17 cultivars for which the edible parts and seeds were compared. Seed analyses

indicated relationships among the cultivars somewhat similar to those seen for the edible portions.

Crucifer vegetables play an important role in the American
diet. In 1983, the United States produced 352,000 t of fresh
broccoli (Brassica oleracea L. italica group). and 259,000 t of
fresh cauliflower (36). However, the naturally occurring ghu-
cosinolates (GSs) in the edible crucifers should be monitored
because of their potential detrimental or beneficial effects on
health. The tendency to produce goiter has been shown for cau-
liflower {2, 24}, kale (3}, kohlrabi (B. oleracea L. gongvlodes
group) (2}, and brussels sprouts (24). As illustrated in Figs. |
and 2, isothiocyanates {NCSs), oxazolidine-2-thiones (OZTs),
and thiocyanate (SCN} ion are liberated from GSs by the action
of the enzyme thioglucoside glucohydrolase [EC 3.2.3.1] (34).
The biological activity of these GS breakdown products has
been studied. Thiocyanate ion from 3-indolytmethyl-GSs (Table
1} is known to inhibit the accumulation of iodide in the thyroid
gland (37) and may be a predisposing factor for goiter. Increased
liver and thyroid weights in rats have been linked with 5-vinyl-
OZT (27), a compound produced from 2-hydroxy-3-butenyi-GS
{Fig. 2). On the other hand, the GS hydrolysis products benzyl-
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Fig. 1. Major product classes from the enzymatic hydrolysis of glu-
cosinolates. See Table 1 for R group listing.
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Fig. 2. Formation of an oxazolidine-2-thione from cnzymatic hy-
drolysis of a glucosinolate common in crucifer vegetables.

and 2-phenylethyl-NCS (43) and some 3-indoly! compounds have
been shown to inhibit chemical carcinogenesis in rats by stim-
ulating mixed function oxidases in the liver and intestine (23).

As reviewed by Tookey et al. (34), the GSs in some circum-
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Tobie 1. Glucosinaiate (GS) structures.

Chemical name Structure of R group®

{-Methylpropy! {413)¥ CHyCH,CHCH;
Allyl-GS {397) CHy=CH—CH,
3-Butenyl-GS {41%) CH=CH-{CH,),
4-Methylthiobutyl-GS {450) CHy—5—(CHy).
4-Methylsulfinylbutyl-GS (475) CH,S0ICH,) 4

2-Hydroxy-3-butenyl-GS (427}
4-Pentenyl-GS {425)
B-Methylthiopentyl-GS (473)
5-Methylsulfinylpentyl-GS {488}
2-Hydroxy-4-pentenyl-GS (441}

CHy=CH—CHOHCH,®
CH=CH—{CH,)
CHy—5—{CHas
CHy~SO~{CHyls
CHy=CH=CH—CHOH-CH®

2-Phenylethy!-G3 {487} CehgCHACH;
CH¥
3-Indolylmethyi-GS (487} |
N
|
K
. CHE‘”
3-(A-Methoxy)indolylmethyl-GS (516) I
|
OCH,

*See Fig. 1
¥¥glues in parentheses indicate the molecular weight of
the GS as the potassium salt.

*Cyelie oxazolidine-2-thione forms if GS is hydrolyzed
under conditions expacted to yield isothiocyanate.
¥SCN ion forms as a decomposition product {rom unstable

isothiocyanate.

stances may hydrolyze to form organic nitriles instead of NCSs
(Fig. 1). They may, for example, form nitriles in the preparation
of coleslaw, depending on how the cabbage (B. oleracea L.
capitata group) is processed (8). In saverkraut, a naturalty fer-
mented cabbage product, Daxenbichier et al. (10} found I-cy-
ano-3-methylsulfinyipropane, which is formed from a GS. Among
the nitriles some are suspected and some are known to be toxic
(5, 15, 26).

There has been concern that levels of naturally occurring tox-
icants might be increased inadvertently during the breeding to
enhance desirable traits in horticultural crops (16). In view of
the indicated metabolic invoivement of GSs in various types of
mammalian and nonmammalian (insect) (28) systems, it is im-
portant to identify broad baseline levels of GSs in various cru-
cifer cultivars. As part of a comprehensive survey, the following
brassicas were analyzed: six broccoli cultivars; six brussels sprouts;
five cauliflower; five collards; five Kale; one marrow-stem kale;
one smooth-leafed kale; two curly kale; one kohlrabi; *Siberian’
kale, B. napus L.; and two mustard greens, B. juncea (L.)
Czemn. & Coss.

Materials and Methods

Source. All plants were grown at the Wisconsin Agricultural
Experiment Station, Madison. In 1975, all were planted in June
and harvested in the foilowing months: kohlrabi and mustard
greens, July; broccoli, August; brussels sprouts, kale, and col-
lards, September; cauliflower, October. In 1976, collards were
planted in June and harvested in September; in 1978, kohlrabi
and brussels sprouts were planted in May and harvested in Oc-
tober; in 1979, marrow-stem kale was planted in April and har-
vested in July.

Preparations and analyses. Generally three to five individual
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plants were sampled by taking E00 g of the edible portions:
broccoli heads, brussels sprouts buttons, cauliflower curds, and
peeled kohlrabi tubers. Samples were taken from above-ground
portions of collards, kale, and mustard greens. A single analysis
was made of marrow-stem kale leaves and stems combined.
Vegetative materials (1 to 3-cm pleces) were extracted with
boiling aqueous methanol (40), the methano!l was removed, and
the aqueous solutions were diluted with water and frozen for
the few weeks or months until analysis.

Single, 2-g samples of the various seeds were examined in
1975, The extract obtained by treating ground defatted seeds
with boiling water (33} was concentrated and frozen.

Total glucose measurements [calculated as total GS (40)] were
made on glucose reieased from extracts by hydrolysis (38) with
thioglucoside glucohydrolase (myrosinase) (6), using either of
the two equivalent reagents—Glucostat X4 (Eli Lilly) (41) in
1975 or Glucose Auto/Stat (Plerce) (6) in 1978 and 1979. A
maodification {6) of the procedure of Josefsson (20) measured
independently the 3-indolylmethyl-GSs as SCN ion released after
hydrotysis. Other GSs were identified and quantitated by gas—
liquid chromatography of the products of hydrolysis, NCSs and
OZTs (7). A schematic of the GS analysis is included in a paper
by Daxenbichler et al. (9). Confirmation of the identity of aglu-
cons from at least one cultivar of each vegetabie was made by
a GC-MS tandem system (32).

Resuits and Discussion

In the present study, GS patterns of cultivars consist of the
relative amounts of the nine GSs listed in Table 2 plus 4-pen-
tenyl-, 3-(methylthio)pentyl-, 5-(methyisuifinyl)pentyl-, and
benzyl-GS. By means of cluster analysis, correlation coeffi-
cients (based on these 13 GSs) were calculated between all
possible pairs of cultivars. Those that were highly correlated in
their GS patterns were grouped together. Culiivars in each group
had coefficients of 0.68 or greater, because, for a simple linear
correlation () based on 13 points, 0.68 is significant at the 99%
confidence level (P << 0.01). The cluster analysis progressively
separates unlike cultivars. Thus, group | and group VIl are the
most dissimiiar; this separation supports the taxonomic view-
point, since group [ is B. oleracea and group V1l is B, napus.

Broceoli, with a predominance of 4-(methylsulfinyljbutyl-GS,
formed a separate group (group 1. Group H included brussels
sprouts, cauliffower, and contained the kale cultivars *Maris
Kestrel” (marrow stem) and ‘Petiand Brig’ (smooth leaf). Mem-
bers of this group contained predominantly 3-indolylmethyl-GS’s
with lower levels of allyl- and 3-(methylsulfinyl)propyl-GS. Most
of the collards cultivars (18-21 in Table 2) were distinguished
by high levels of 2-hydroxy-3-butenyl-GS (group 3). An excep-
tion was ‘Morris Heading’, whose high level of 3-(methylsul-
finyl)propyl-GS made it similar to curly kale cultivars ‘Dark
Blue Southern’ and *Vates’ (group V). The preponderance of
aliyl-GS in mustard greens (IV), 4-(methylthio}butyl-GS in
kohlrabi (V1) and 5-(methyisulfinyl)pentyl-GS in ‘Siberian’ kale
{VID) made their GS patterns distinctive.

When the GS determinations in seed of 17 cultivars were
made and the data sorted into groups using cluster analysis,
grouping of cultivars on the basis of seed analysis generally
compared with that of the vegetative portions (Table 3). Broc-
coli (group 1), kohlrabi (group 2), mustard greens (group 4),
and ‘Siberian’ kale (group 8) all formed separate groups. In
contrast to data from the vegetative parts, seed data of brussels
sprouts (groups 6 and 7) and cauliflower {group 3) were in
separate groups, whereas collards and ‘Petland Brig” kale were
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Table 2. Glucosinolate (GS) content of vegetable cultivars.

Glueosinolate content (el 0 ¢ frosh wo

3-(hlethyl- J-iMethyl- A-(Meihyk A-(Muthyl-
Vepelable Year o) sultingh- 2 ydroxy- thin}- suilfinyE- 2-Phenyl- 3-lndalyl- Tow!
Ludtivar group’ grown Allyl propyl propyl 3-Buzeayl 3-buienyl byl buty} ctieyl methy s
Breceoh
1) Brse 1 1475 té (0.0 1z 2 4.0 2z 76,3 0.6 543 2027
21 Green Camet* 1 14973 1.1 Ly 33 14 3.7 i a1l 1.4 641 200.2
3 Green Duke® 1 1973 0.0 0.0 iy [ERH] 9.0 a2 43 0.7 N7 i)
) Swoethern Comet™ 1 1975 .0 [1X4] kX 1 0.3 i1 $3.7 0.2 35.6 1944
5) Sparan Early | 1973 0.0 0.0 id 2 2.0 1.3 28 o0 42.2 1022
&) Royal Purple’ 1 1973 0.0 0.0 312 [tA1] 1.2 37 §8.3 0.6 68,13 167.2
3932 0F 0,9} th.3) oy thth [ 9,11 (37.1 [ Y] (49.4) (L6
Brusscls sprowts
Ty Cambridge No. | 1t {078 39 Lo 4 A3 57 12 6.1 0.4 433.3 GHLG
) Canbridee No. 3 i 1978 0T .2 HRY 1.3 4.7 9.3 0.6 1.0 3278 3350
oy Cahridge No. 3 It 197 122 02 3.0 (£ 1.0 9.4 0.4 1.4 4044 5844
th Exhibition it 976 6.6 &4 1.8 52 6.3 (.6 il 0.3 376.7 378.9
11 Jade Cross B i AT 131 it R 122 254 0.6 paX. 1.4 RyAR 563.3
1 Long Island
Improved i 975 iy e 8.4 LR 0.9 0.4 14.4 0.8 1304 465.4
s (37 (13.6) 8 (L7.m 0.6) (7.9 0.5 RECAN] {1724y
Cautiflower
13) Cleopatn HE 1975 14.6 iy 228 0.0 0.0 04 0.8 .0 W7 160.6
34 Idot i F973 24 Lo 0.9 0.0 0.0 0.2 0.6 0.0 155 411
133 haperial il L4973 16.3 7.4 i1 ot 0.0 13 L7 (L 75.9 118.3
6} Snowbalt No. #6 i 1973 0.8 kX L3 0.0 0.0 0.3 0. 0.0 60.0 LI
£7) Super Snowball i 1975 5.4 .t 9.0 Ir 0.0 0.5 0.6 ir 436 611
17 dE (5.63 3.5 (16.72% .7 (.6} 147.5) (6863
Collards
182 Georghn Souti-
et Crooly il 1975 6.7 0.4} 30 RES 130.3 0.0 34 1.1 £63.3 5408
193 Georgia HH 14976 s6.Y 9.0 kB 7 36 0.6 5.6 o7 7.4 TR
2 Vatey HH 1975 197.3 .0 1.2 3.3 30 0. 0.8 5.3 £S04 GIKLO
28 Vates Vanery
Na. 12 11 1976 Bi.K 0.0 .G 19.7 G6.7 0.4 Q.8 IRy 67.3 3721
224 dormis Heading v 1475 62.3 0.0 .4 34 168 0.6 13.2 28 67.2 3141
(LR 1k (284 [RANY] 175,00 [SIENEE 3.2y {733 {26024
Kale
233 Maris Kestrel
tmarrow stemi* I 1479 12.0 0.0 LR 0.¢ (G U] [tX3 IR.] 46.7 6
>4 Petland Brig
ismoath leaft I 975 8.7 0.6 58 4.1 s (LG 0.7 {13 614 267.8
25) Dark Blue South-
ern fearly ) v 975 iR 0.4 67.8 03 1.1 [ X4 58 LY 645 Jue?
261 Vates teurly) v 75 2.6 0.8 64.3 00 0.0 o N s - 48
271 Siberian
(0L mapusi*® Vi Y973 o 0.6 [EX1] 33 1381 oy K9 17.3 1023 9318
PR (14.8) [EX ] (3.4 LA (5.9 th3 36,2y (0. 1)
Mustard greens (8. funcea)
281 Greenwave v 1975 643.4% [eXt3 [EX1] ) [1X4} 0.0 i 5.2 12.2 11366
24) Southern Giant
Curled v 975 74 (1X43 [tAY) 5.5 [ER1} 0.4 1X1] 14 4.2 1242.2
s, bdf [RERY] (5. th5y (LR (3.6 HE W]
Kohirubi
3 Early White
Vienna Vi 7518 0.6 0.7 23 0.0 a3 KSR +.3 1] vy 86.1
5 8 df [LETH .2 L7 L 6.8 (N (17.6) (51.1)

+ Correlation coefficient of any two cultivars within a group =0.68, Also included in correlation cocificient caleulations are 4-pentenyl-, 3-
{methylthio)pentyl-. and benzyl-GS. all present in some cultivars at Jow levels and 5-(methyisulfinyDpentyl-GS present in “Siberian’ kale.

¥ Includes all 3-indolylmethyl-GSs detected by SCN ion analysis.

* Determined as glucose released and calculated based on an average molecular weight of 437 for GSs.

“ Hybrid, All cultivars not designated are open poilinated.
¥ This is a broceoli marketed as a cauliftower.

¥y = sp among analyses ignoring caltivars.

Yiris <0.1 pmol/100 g.

s Used primarily as stock feed.

* Contains 30.1 wmol/100 g d-pentenyl-GS. 2.4 pmol 3-(methylthio)penty!-GS, and 137.3 pmol 5-¢methylsulfinyl)penty!-GS.

4 Cultivars 23 and 27 are not included in this caleulation.

grouped together. Because the total GS levels for these seeds
averaged 100 times that in the vegetative parts, the seeds are
reported in millimoles, rather than in micromoles, as are ihe
vegetative parts.

When the GS patterns of the 17 seed cultivars were compared
to the corresponding edibie parts, only five correlation coeffi-
cients were highly significant (P < 0.01). The similarity of the
4-(methylsulfinyDbuty[-GS levels relative to the total GSs of the
two plant parts and the jow level or total lack of 2-hydroxy-3-
butenyl-GS for broccol: ‘Green Duke’ and ‘Royal Purple’ helped
give coefficients of 0.70 and 0.81, respectively. The collards
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cultivars *Georgian Southern Creole’ and ‘Morris Heading’
(coefficients 0.68, 0.69) were likewise similar in relative amounts
of allyl-, 3-(methylsulfinylipropyl- and 2-hydroxy-3-butenyl-GS
in the vegetative parts and the seeds. ‘Southern Giant Curled’
mustard (1.00) had 97% of the total GS as ally-GS in the tops
and 93% in the seed.

One factor contributing to the disparity of GS patterns in the
seeds and edible parts of all the cultivars was the concentration
of 3-indolylmethyl-GSs. In B, juncea, these precursors of SCN
ion were <C3% of the total GS in either seeds or edible parts,
and. in B. napus, as much as 20%. But in the edible parts of
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Table 3. Gilucosinolate (GS) content of sced cultivars.

Glucestnulate comiest (mmalf L0 ¢ defotted mealy

3-Carbon sile chuins

$-Carbon side chains

5.Carbon side chains

3-{Methyl- J-tMethyle 4-iMethyl -t Muthyl-
Secd thio- sulfinyl)- 2-Hydroxy- thio)- sulfinyh- 2-Phgayi- 3-Indoiyl Totat
Cultivar group’ Adlyl prapyl prapyl 3-Butenyl J-butenyl butyl hutyl +4-Pentenyl cthyd methyl Gs*
Broceoh
1) *Girggn Camer® H 0.4 0.03 13 0.54 .64 [EX4] 318 .02 2.07 G.94 £3.89
2y Green Duke® 1 0.3 (1A A0 0,11 X1 2484 8.61 0.1t 2.0 .78 16,22
5) Spartan Eaely { 0. 0. .02 [ 7 l.14 3.35 0.0 0.0 [ER e 14.37
0 Rayal Purple 1 0.06 037 145 0.3 0.0 2.61 T 0.06 0.06 1.28 16,39
Hrussels sprouts
Hy Jade Cross EY [} 0.20 (42 0.0 .55 6.0 1.24 131 0.6 H.08 1.66 1487
12) Long 18land Improscd 7 224 (.35 .13 044 170 .56 20t 0.0 9.13 .46 £3.00
Cauliflower
1) ol 3 346 1,24 302 0.04 410 LR 017 0.18 0.08 il 17.28
15) Imperial 5 3.4 118 33 e 08 0.2 0,47 14 0.04 0.83 19.28
16) Snowball Ne. 16 3 i85 Lo .60 i 4.08 007 0.12 I 0.0z 1.33 12,78
17} Super Snowhall 5 .40 135 4.21 004 iz 0.1 011 0.14 0.07 1.28 15.83
Coflands
18) Georgian Southern Creole } 2.55 052 0.28 .60 167 M .33 Q0.0 0,03 L] 14.61
Ith Vages 3 A8 {11 (L] 1.00 3.96 [UK] (V] 0o 0.07 (L73 16.61
223 Morris Heading 3 6,30 0.30 1.97 .74 2.3 .47 LR} 0.0 .36 0.86 2172
Kale
233 Pedand Brig 3 ER) 0.30 073 119 5.08 064 1.1 0.0 0.08 0.5%0 2172
2T Siberion (8. napustt & 10 0.0 34 Nt 347 015 [VH] (L33 0.22 1.1z 15.61
Mustard greens (8. fiunceny
201 Southern Giant Curled 4 £2.25 .05 .20 0.15 0.0 0.04 .45 o0 .05 .38 18.50
Kohilrabi
30y Eazly White Vienna X 005 0.0 2.7 .03 0.19 241 H.54% 0.03 ¢21 0.57 19,39

“ Any two cultivars within a group have correlation coefficients =0.68.

¥ Includes alt 3-indolylmethyl-GSs measured in SCN analysis procedure.
* Determined as glucose released and calculated based on an sverage molecular weight of 457 for GSs.

* Numbers correspond 10 those in Table 2.

¥ Hybrid. All cultivars not designated are oper-pollinated.
U is <<0.01 pmol/100 g.

! Contains 0.09 mmol/ 100 g 5-(methylthio)pentyl-GS.

B. pleracea subspecies the range for collards, kale, and kohirabi
was 3i-48%, for broceoli 39-56%, and for cauliflower and
brussels sprouts 73--886% of total GS. In coatrast to these high
percentages of 3-indolyimethyl-GSs in vegetative parts of nine
B. oleracea is the low level of 4-14% in seeds. A similar dis-
parity has been reported for leaves and seeds of cabbage (33,
40}

Broceoli. In seeds of three broccoli cultivars, Ettlinger (11)
had seen 4-(methylsulfinybuty-GS as the primary component
and 4-(methylthio}butyl-GS as a secondary compenent, but we
saw in the seed of four cultivars these two compounds as major
components, with 4-{methylsuifinyDbutyl-GS dominating. These
two components also were found in the vegetative parts of all
cultivars. To the best of our knowledge, this is the first repont
of 4-{methyithio)butyl-GS in broccoli heads. The compound 2-
hydroxy-3-butenyl-GS was another secondary component in the
seeds of two cultivars and was present in both the seeds and
head of only one of the four cultivars analyzed. ‘Royal Purpie’,
aithough often marketed as a cauliftower, is actually a form of
heading broccoli, based on GS profiles and genetic lineage (44).

Brussels sprowts. The most thorough work reported on brus-
sels sprouts was done by Heaney and Fenwick (17} on 22 un-
named cultivars and by Sones et al. (30) on 43 samples of
unnamed commercial cuitivars grown in the United Kingdom.
Comparison of Sones’ results with those of the six cultivars in
this study revealed similar relative levels of allyi-, 3-butenyl-.
2-hydroxy-3-butenyl-, and 3-methylsulfinylpropyl-GS. How-
ever, Sones found the level of 3-indolylmethyl-GSs to be less
than half the total of these four GSs, whereas our data showed
3-indoiylmethyl-GSs were 11 times the total of the same GSs.
Levels of SCN ion precursors are known to vary throughout the
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growing season (21), but it is likely that some of the cultivars
used by Sones have a different genetic base than those reported
here, The 4-(methylsulfinyDbutyl-GS was present in the six cul-
tivars in our study and also was isolated from brussels sprouts
by Gmelin and Virtanen (13) as a phenyl-thiourea in an amount
corresponding to 11 pwmol/100 g GS.

Cauliflower. Allyl-, 3-(methylthio)propyl, 3-{methylsulfi-
nyl)propyl-, and 3-indolylmethyl-GS were present in all five
cultivars of caulifiower curd and were the major GSs in their
seeds as well. Sones et al. (31) found GS patterns for 27 Eu-
ropean cultivars similar to those reported here for U.S. cultivars,
except that their cultivars had low levels of 2-hydroxy-3-bu-
tenyi-GS, whereas ours had none. In contrast to broccoli heads,
cauliflower curds have more allyl-GS, some 3-(methyl-
thio)propy-GS, and lack the high level of 4-{methyisuifi-
nyl)butyl-GS contained in broccoli.

Collards. To our knowledge, this is the first report of the GS
content of collard leaves. They have up to twice the total GS
content as curly kale cultivars 25 and 26 in Table 2. Higher
contents of allyl-, 3-butenyl-, and 2-hydroxy-3-butenyl-G8 in
collards distinguish them from kale.

Kales. Curly kale (*Dark Biue Southern’ and ‘Vates’) is pri-
marily for human consumption, whereas marrow-stem kale
{*Maris Kestrel'} is largely for animal fodder, and smooth-leafed
kale {‘Petland Brig'} is for both. ‘Siberian’ kale, primarily a
stock feed, belongs to Brassica napus rather than B. oleracea.

Increased thyroid weight and decreased iodine concentration
in ruminant animals grazing kale can be prevented by iodine
supplement (1). Virtanen et al. (42} observed similar results in
rats fed SCN ion, which is a primary GS product in kale. In
assessing ‘Siberian” kale as a feed, it should be recognized that
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the high levels of 2-hydroxy-3-butenyl- (138 pmo¥/100 g) and
of S(methylsulfinylpentyl-GS (137 wmol/100 g) could be del-
eterious because of the stability of their nitriles in the rumen
(12}, and because the derivative l-cyano-2-hydroxy-3-butene
causes fiver and kidney damage in rats (26). The 5-(methylsul-
finyl)pentyl-GS was not present in the edibie portions of B.
oleracea or B. juncea vegetables and thus was not included in
Table 2.

Allyt- and 3-(methyisuifinyi)propyl-GS have been docu-
mented previously in marrow-stem kale (4, i3, 19) and, to-
gether with 3-indolylmethyl-GSs, are the major GSs in this
subspecies. Low levels of 2-hydroxy-3-butenyl-GS have been
seen in marrow-stem kale (19), but none was found in our sam-
ple of ‘Marts Kestrel’, a cultivar of marrow-stem.

The same three predominant GSs in ‘Maris Kestrel” (marrow
stem kale) also predominate in ‘Dark Blue Southem’ and ‘Vates’
(curly kales) and have been observed by Michajlovskij et al.
(25} to be prominent in kale for human consumption. We mea-
sured only 0—~1 umoi/100 g 2-hydroxy-3-butenyl-GS in curly
kale. but 22 pmol/100 g in the smooth-leafed kale ‘Petland
Brig’.

The greater variability of GS patterns among kale cultivars
than for other vegetables covered in our study reflects the di-
verse origins of kales as a group of brassicas (44).

Mustard. Since the seeds of mustard are used widely for oil
and for table condiment mustards, previous research has con-
centrated on GSs of the seeds. In the leaves of two cultivars
{Tabie 2) grown in the United States for their green leaves,
allyl-GS (694-779 wmol/100 g} accounted for 7% of the GSs,
whiie 3-butenyl- and 2-phenylethyl-GS each fell into the 0.4
1.1% range (3-8 pmol/100 g). The level of allyl-GS or its
hydrolysis product allyl-NCS is important in light of the re-
ported mutagenicity (43) for both of these compounds and be-
cause of the activity of allyl-GS as a feeding and ovipositing
stimulant for certain insects (28). Seven oriental mustard-green
cultivars previously analyzed (18} had considerably lower levels
of allyl-GS (157414 pmol/100 g) than the U.S. cultivars, whereas
the butenyl-GS was as high as 9% of the total GSs (641 pmol/
100 g), and the 2-phenylethyl-GS ranged between [ and 6 nmol/
100 g. The 4-(methylsulfinyD)butyl- and benzyl-GS (see below)
have not been previously reported in B. juncea greens,

Kohirabi. Unlike any of the other vegetables, the predomi-
nant GSs in kohlrabi, a B. oleracea variety, were 3-(methyl-
thio}propyl- and 4-(methyithio)butyl-GS, along with 3-
indolylmethyl-GSs. Interestingly, the seed contained higher lev-
els of the corresponding sulfinyl compounds than of the two
methylthio compounds, and 4-{methylsulfinyl)butyl-GS was the
(S present in the largest amount in the seed.

[mtially, a component was misidentified as 4-(methyisuli-
onyl)buty}-NCS in all the vegetables reported in this paper ex-
cept mustard greens. The compound had a similar retention time
on both GC columns to that of this NCS. Subsequent work with
capillary GC-MS established that the compound was 3-indo-
lylacetonitrile, unexpected among the GS hydrolysis products.
We previously misidentified small amounts of the same nitrile
in turnips and rutabages (6) and in cabbage. as demonstrated
by MS analysis of extracts from ‘Market Prize’ (B. oleracea
ssp. capitata L. {. alba DC.} (40) and ‘Red Danish' [B. gleracea
ssp. capitara f. rubra (L.) Thell.] (39). This nitrile also has
been observed by Linser et al. (21} in brussels sprouts buttons,
cauliffower heads, and savoy cabbage leaves [B. oleracea ssp.
sabauda (L.)].

Four newly identified 3-indolyl compounds, 4-hydroxy-3-in-
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dolylmethyl-, 4-methoxy-3-indolylmethyl-, 5-hydroxy-3-indo-
lylmethyl-, and 3-methoxy-3-indelylmethyl-GS, occur in crucifers
(13, 31, 37) and may well be contributing to the SCN ion mea-
surements of the vegetables reported here. Regarding 3-indo-
lytmethyi- and 3-(N-methoxylindolylmethyl-GS, the former
predominates in brussels sprouts buttons, cauliflower curds, and
marow-stem Kale leaves, while in the edible part of broccoli
the iatter predominates (19).
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